Threshold CID Measurements
The determination of absolute gas-phase reaction barriers requires the reactant ions to be prepared with well-defined, narrow distributions of their kinetic and internal energies prior to collision. [21] On the customized Finnigan MAT TSQ-700 mass spectrometer, this is accomplished by thermalizing the electrosprayed ions with 10 mTorr argon in a gas cell mounted on a radiofrequency 24-pole ion guide. Retardation measurements, in which the parent ion intensity is recorded as a function of the dc bias potential applied to the collision octapole in the absence of collision gas, afford well-defined near-Gaussian distributions of the ions' kinetic (and presumably internal) energies (Figures S1-S3) as required for subsequent deconvolution of the cross-section curves. For the CID threshold measurements, the parent ion was mass-selected in the first quadrupole and allowed to react with xenon in the octapole collision cell. Intensities of the reactant and product ions were recorded as a function of the collision offset voltage ( Figures  S4-S6 ). These intensities were converted to reactive collision cross sections according to Ervin et al., [22] extrapolated to zero collision-gas pressure to impose single-collision conditions, and fitted with L-CID ( Figures S7-S9 ). [6a,b] Three independent data sets were acquired on different days; the Figures are derived from data set 3. For each data set, at least 15 acceptable fits were selected to determine the confidence intervals of the fitting parameters, and the final values of the parameters were obtained as averages over the data sets. For an accurate treatment of the kinetic shift, one needs to distinguish between so-called "loose" and "tight" transition states.
[6a]
A loose transition-state (TS) model is appropriate for reactions in which the dissociation into products is rate limiting (i.e. a reverse activation barrier is absent); otherwise, a tight TS model should be used. Both loose and tight transition-state models were considered (Tables S1-S3) the Gaussian fit (red line) has a full width at half-maximum of 1.15eV. the Gaussian fit (red line) has a full width at half-maximum of 1.18eV. Table S3 . Fitted parameters and standard deviations (in parentheses) for three independent data sets of the one-channel reactive cross-section curves for dissociation of
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either a tight or a loose transition-state model. 
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DFT Calculations
A detailed investigation of the complexes was performed by means of DFT calculations using the Gaussian 09 program. [8] Basis set superposition errors (BSSEs) were computed with the counterpoise approach.
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